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Development of functional materials based on naturally occurring riboflavin
derivatives
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A series of riboflavin derivatives including their polymers and
supramolecules was synthesized from naturally occurring riboflavin (vitamin B2). The combination of
the obtained cationic flavin catalysts and iodine catalysts provided a novel environmentally
friendly method for oxidative bond formations driven by molecular oxygen. The flavin-containing
polymers and supramolecules could be employed as homo- and heterogeneous catalysts with unique
catalytic activity and selectivity.



B X C—19. F—19—1, Z—19 (@)
1. HFFERRLE 4D &

FLVT 4 Uo7 7 BRI, RN T TEREN OS2 B 5 KK
HRD o7 EZEHS T+ ThY . 2D EERERICET dmn o8B0 11%, R
HERECINEE BT 28BN E 0 5 Z ERWIRE SIS, L Len s, < O - sliEhfiln
WESNTEERLT 0 U VEGERICH L, 77 0V ERIEIZIFEASERZED T A
Mol

HEEE X RRH R D AEE AW THL VR T7 T EA(EX IV B)ICHERL, VR T T
U U BERE W TR 2 R AR ROS R AT T D L LIS, UAR T T B MG A I8
LT ERRITE A LR S AE S T ORISR THD TR L Tz, F8E
IZUARZ7 Z e 28 ALEESFE, WRT ToEARICR TN F2EIRE TR
L. 7 UVEKE LT AEBRIC ) T8 L, BICRx 56 - s (b ThmT b2 &
ZRHLEZL 203V R7 7 e vz AW TRerEs B o mTEer: & 7 A2 AR Lz
R TH D AHRRED A L e o7,

2. WFEDO BB

VARZ 7 aMBERE LTHY, RS REZ2ET5 7 780 HEE AR
T5, £, :ﬂ%@)f75€7&%¢%§A%éwi§E%Aéﬁé Lk, 77
tra=y FaATOmn PR IOBS FEBREHET D, o Fililee, B(biEhe, K
I - SE R, AR ﬁk@77t/lﬁ®%$kk%;\ﬁﬁm3ntﬁﬁgﬁ®mﬁw
O ST @ A IE & e RBRICIEH L, SRRV =— 7 7o RIRHSR OBREME 41
MEFO BRI Z 4 B & W T il SOS O B (2 B 0 fiL T,

3. WD FHIE

Jf7§HV@JH%w%%Agﬁ%%%®%wa%%%%%b PR © BFRARE
Lo IR LA AT DR T T E U FREE AT S, DWW THEEE
%Lt77t/ﬁ®mA%M@$%ﬁ%U W FREEHIEE T ZBEE L, 77 e E )
~—DEAERLT VT L— MMy TOBHCEARICI Y, RFEESEAR S OB LA
LEREEGRT D, BN AT 78 UFFERPRELT 2R R A v v TRER
LDV TERHINS TR, B AR S O BT OB R E M B~ OIS FIZ DWW TR E 21T 5,

4. MR

VARZ7 e mEE L THY, ZOBMELEMET S22 L2k y 3 MEHORRD
HFAMNTTEMEMTHD 5-mTF A YT a0 At (1), 5-=F L7 axH
=L (2), 1,10-=F

Rl =1 OH K\OH
LM G)EMEICARTE ngjH . I:I ?
o nm L () Me "o N__N__O o Et O Tfo—
b AN A P B Sy AR I:E ;E{(\']\I//H ) -~ O
i pE 4y Bk AE R M N T I:II%? Ijﬁj?ﬁ
L. BEEETEA B O TEM: .0 ;iboﬂavin oy T?:I; " 3 N : T?O_

ELTHIHTE D Z &N
Lt ot



B/oN )R 7 g 0  HO

A FAEEE LTV, = - TS - @ NN
ORI AR A DT TS e T @ A~
fRBER 2 B LTz (X 2)% filZ o

X, LI0-mF U U ZERL T o X R RSH s

; H,O
\ s—R R
U NN e T @@,%A\N @§ “'/Sjﬁm
Mnzs e N-Fve KTV & N 7N Ay
R R

EMEOBLE) 123-FT7 27T H 2
V= VRGOS N ETT 5 2
EEEM LU, £, 5-mFAaT7edtUou il a vEiE s s & ALK
HA Y R—=oA IH (122l P DANLT = = )ALRIEHHEIT L, s 5 AL 7 =
=AY F=VBIORANT == bf I F V1 2-al8 ) PUPRB AR LI, SbIC
FA =NV EDBAIFZIT YR TV DANLNT 2 = ) ULRIGICISHATE A2 &
B & 2T LTm, IERDBEELII AN T = = ) UALKS & 138 ARISRTIE 758 —
S UEMEIC LD AZ LT Y = DIRMR S TIZBW T, BN & S D oIk
FeE DI K » TEEN T DR AN OIS TH D, £z, 207 T B — 3 7 FHfER
X C—S MBBMDAIL BT C—NFETERSISICbEMATEL Z &R nnoTl, EHIT,
VAT 7B UBERN RS Tzl W THBOAEE . L CEx, 4 — a5 ET 5
VANT 4 RNERALSERTED Z LR R U, RIS 7 Uiz AV
F =NV OO D TOFEITH Y, 53 FIREEFE LD L VETT 527 Y — R S
RPHE I TN D,

X=CorN

TF oL UEBIC R VRSN E R YR T T EUBERL R L Ems TR AR L.
FNONRT A — NV OBRBACISE R ET S E Tl U THRET 2 &%
ALz, e T28RAVART 7 EVFERE )~ — 3T L A EMBIEEZ RSN &
DD, E T OEREEIC L > THRERERHIE SN TN D 2 LR ST,

S HIZ BEICER ST D KRS —

DT ThLX T ONFICT =4 M NN © /‘<%%w
Bt :

PEERESL & AN S TR IR AL 5 N

FUBHKE AR L. 7T e E 080, © 0S0,ha ,, )
DA TR AT 5 5B %H/oém\gms%_w ) (-
ELTCRIALE (IK3) 4, Zokik K3

T = N D T T A — T F A

YELT, TaXY V=l TF AT NI UL TF A EAF R AERICE DS
G, MBRbxFTF -7 eI U=y LKA G LT, /OB IR, S o
Baeyer-Villiger i BAF 72 R —RfpiE & U THRET 2 Z E BN lpn T, 7T
i e R U T ABF AL S BITIEF T o OB RN HEOICEH itk ZhE
TT T B CIXER N EECH o 72 6 BEROBRIRY b > @ Baeyer-Villiger SIS H) Thk
Hliz, £, ZOWEMLYF o 2 IR E 55 R — Rl 0 RO FIEZ IS A L, &
TNIRITFNMA IF Y V) A BRER L T B EAL U7 A bl & B RS L7z,
13 BT #8) F 1L AF Diels-Alder SO D BAF 72 A — 2 il & U Tl & | K 96% ee &\
DR WARFFRIVEDIBLT 2 Z E NI B bR oz, W, B—RMEDEENEZIT & L
T UIEARF BRI T AME & 2 503, A CITHEEHIME 5 RAEREDIR TR A S
nirote, ZhIBZ b IELEARMETH LA AV MMHAEERZEBEEICHWS Z & T
R JE D DASFE BOGY ~ DR BN B/ NRICI 2 b c oo ThH EE 2 b b,



51 A 3k

1.

(a) Iida, H.; Iwahana, S.; Mizoguchi, T.; Yashima, E. J. Am. Chem. Soc.2012, 134, 15103-15113.
(b) Iida, H.; Miki, M.; Iwahana, S.; Yashima, E. Chem.—Eur. J. 2014, 20, 4257-4262.

Sakai, T.; Kumoi, T.; Ishikawa, T.; Nitta, T.; lida, H. Org. Biomol. Chem. 2018, 16, 3999-4007.
(a) Ishikawa, T.; Kimura, M.; Kumoi, T.; Iida, H. ACS Catal. 2017, 7,4986-4989. (b) Ohkado, R .;
Ishikawa, T.; lida, H. Green Chem. 2018, 20, 984-988. (¢) lida, H.; Demizu, R.; Ohkado, R. J.
Org. Chem. 2018, 83, 12291-12296. (d) Tanimoto, K.; Ohkado, R.; Iida, H. J. Org. Chem. 2019,
84, 14980-14986.

(a) Sakai, T.; Watanabe, M.; Ohkado, R.; Arakawa, Y.; Imada, Y.; lida, H. ChemSusChem 2019,
12, 1640-1645. (b) Watanabe, M.; Sakai, T.; Oka, M.; Makinose, Y.; Miyazaki, H.; lida, H. Adv.
Synth. Catal. 2020, 362,255-260.



8 8 0 0

lida Hiroki Demizu Ryuta Ohkado Ryoma

83

Tandem Flavin-lodine-Catalyzed Aerobic Oxidative Sulfenylation of Imidazo[1,2-a]Pyridines with
Thiols

2018

The Journal of Organic Chemistry

12291 12296

DOl
10.1021/acs. joc.8b01878

Sakail Takuya Kumoi Takuma Ishikawa Tatsuro Nitta Takahiro lida Hiroki 16
Comparison of riboflavin-derived flavinium salts applied to catalytic H202 oxidations 2018
Organic & Biomolecular Chemistry 3999 4007
DOl
10.1039/c80b00856F
Sakai Takuya Watanabe Mirai Ohkado Ryoma Arakawa Yukihiro Imada Yasushi lida Hiroki
Flavinium and Alkali Metal Assembly on Sulfated Chitin: A Heterogeneous Supramolecular Catalyst 2019
for H202-Mediated Oxidation
ChemSusChem
DOl
10.1002/cssc.201900485
Ohkado Ryoma Ishikawa Tatsuro lida Hiroki 20
Flavin-iodine coupled organocatalysis for the aerobic oxidative direct sulfenylation of indoles 2018
with thiols under mild conditions
Green Chemistry 984 988

DOl
10.1039/¢c8gc00117k




Ishikawa Tatsuro Kimura Maasa Kumoi Takuma lida Hiroki

Coupled Flavin-lodine Redox Organocatalysts: Aerobic Oxidative Transformation from N- 2017

Tosylhydrazones to 1,2,3-Thiadiazoles

ACS Catalysis 4986 4989
DOl

10.1021/acscatal . 7b01535

lida, H.; Ishikawa, T.; Nomura, K.; Murahashi, S.-I. 57

Anion effect of 5-ethylisoalloxazinium salts on flavin-catalyzed oxidations with H202 2016

Tetrahedron Letters 4488-4491
DOl

http://dx.doi.org/10.1016/j - tetlet.2016.08.076

Tanimoto Kazumasa Ohkado Ryoma lida Hiroki 84

Aerobic Oxidative Sulfenylation of Pyrazolones and Pyrazoles Catalyzed by Metal-Free Flavin- 2019

lodine Catalysis

The Journal of Organic Chemistry

14980 14986

DOl
10.1021/acs. joc.9b02422

Watanabe Mirai Sakal Takuya Oka Marina Makinose Yuki Miyazaki Hidetoshi lida Hiroki 362

Non- Covalently Immobilized Chiral Imidazolidinone on Sulfated- Chitin: Reusable Heterogeneous 2019
Organocatalysts for Asymmetric Diels- Alder Reaction

Advanced Synthesis & Catalysis 255 260

DOl
10.1002/adsc.201901036




52 6 7

H31

2019

Hiroki lida

Riboflavin-Based Functional Polymers and Supramolecules

2019 Japan-Taiwan Bilateral Polymer Symposium (JTBPS2019)

2019

Takahro Nitta Taiyo Ishige Saki Sugihara Lu Chenxu Hiroki lida

Chiral Supramolecular Organogel Formed by Self-Assembly of Carbamoylated Riboflavin Derivatives

2019 Japan-Taiwan Bilateral Polymer Symposium (JTBPS2019)

2019

Marina Oka, Hiroki lida

Photocatalytic Aerobic Oxidative Coupling of Thiols by Riboflavin-derived Organocatalyst

2019 Japan-Taiwan Bilateral Polymer Symposium (JTBPS2019)

2019




Kazumasa Tanimoto, Ryoma Ohkado, Hiroki lida

Coupled Flavin-lodine Catalysis for Aerobic Sulfenylation of Pyrazolones with Thiols

2019 Japan-Taiwan Bilateral Polymer Symposium (JTBPS2019)

2019

22

2019

35

2019

35

2019




LuChenxu

2019

2019

2019

2019

2019

2019

2019

2019




2019

2019
100 (2020)

2020
- C-N [1,2-a]
100 (2020)

2020
100 (2020)

2020




100 (2020)

2020

67

2018

[1,2-a]

2018

2018

LuChenxu

2018

2018




2018

2018
2018
2018
LuChenxu
99 (2019)
2019
99 (2019)

2019




99 (2019)

2019

Hiroki lida

Flavin-iodine-catalyzed oxidative transformations driven by molecular oxygen

99 (2019)-Asian International Symposium - Electrochemistry -

2019

Hiroki lida

Riboflavin-Derived Redox Organocatalysts for Oxidative Transformations

International Congress on Pure & Applied Chemistry (ICPAC) 2017

2017

2017




2017

2017

2017

66

2017




7 CSJ 2017

2017

50

2017

50

2017

2017

2017




2017

2017

2017

2017

Hiroki lida

Noncovalently Immobilized Cationic Organocatalysts on Anionic Sulfated Chitin: Reusable Heterogeneous Supramolecular
Catalysts

International Congress on Pure & Applied Chemistry (ICPAC) 2018

2018

98 (2018)

2018




98

(2018)

2018

2016

2016

2016

2016




2016

2016

2016

2016

1,10-

2016

2016

49

2016




1,10-

49

2016
97 (2017)

2017

Diels-Alder

97 (2017)

2017
97 (2017)

2017




http://www. ipc.shimane-u.ac. jp/fmchem/index.html




